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‘B physics at the Tevatron I

Production

0 Production O(10°) larger than @ Y4, /Z"
o« though total inelastic X-section 10 bigger = needs adequate trigger

[0 All B species: BT, B, B,, B., Ay, . ..

Topics
[1 QCD [1 CP violation and mixing
e J/v cross-section e B, mixing: BY — D,
e B cross-section BY — D,lvX
e quarkonium states e sin(243) in BY — J/YK?
[1 Production, masses and lifetimes: o weak phase of V;5 in BY — J/1¢
Bt BY B,, Ay, B. o CP asymmetries in B — hTh™
0 Rare decays e v: B - DK
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‘Triggers and data samples I

Triggers

DO Di-Muon CDF Di-Muon

O pf > 3.5 GeV/e, [n#] < 1 O phf > 1.5 GeV/e,
O p >2-25GeV/e, 1< |nt] <2

ntl <1

P e B __—-————__

CDF Lepton —|—(d|sp|aced track)\ , - = CDF Two-track trlgger )

— —
— e — \ N e e e e ——— T

O p*: pr >4GeV/c, n| <1 N ID SVT: pr > 2 GeV/e, >
0 e*: pr >4 GeV/e, |n| < k\ 100pum, d¢ cut
0 SVT: pr > 2 GeV/e, dyg > 120um AN

>

Data sample

DO: results in this talk based on 40-45 pb~! (Aug 2002-Jan 2003)

CDF: results in this talk based on 60-70 pb~—! (Feb 2002-Dec 2002)
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Di-muon: B inclusive lifetime

|

g- CDF Run 2 Preliminary - Inclusive B Lifetime | —
0, A - - ) Sideband
Q; 10 = Signal Region Events %104 B g
— E QC_) - = B Signal + background
~ | Total Fit Li \
5’3 10°E 31y Contribution 10’ N e =468 £ T(stat) + 22(yst) pm
_-C.E E Background Contribution DU Runll Preliminary
2 T 10 )
- = £
c10 4
© : “MMM 0L u'y}’fﬁ
yim i e
it L
. | N | ::
02 -01 00 01 02 03 07 o

J/Y ct [cm]
[1 based on the decay length L = Bvyct = %Ct' B~ from Monte-Carlo

[1 systematics: resol. function, background modeling, 3+ correction, alignment

= 1.526 4+ 0.034(stat.) + 0.035(syst.) ps
= 1.561 4+ 0.024(stat.) + 0.074(syst.) ps
= 1.564 £ 0.014 ps

CDF July 2002 (18 pb™1) 7
DO March 2003 (40 pb~1) r
PDG 2002 T
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Di-muon: B exclusive lifetime

DO Runll

Preliminary

+

B* - J/y K*

N = 378+ 35
M = 5.273 + 0.004 GeV/c?
o = 0.046 + 0.004 GeV/c?

B"' Lifetime

L 1 L L L
5.8 6
M@I/p K*) GeVv/c?

5.4 56

CDF Run Il Preliminary L =70 pb™
[ -
© 200 B - J/yK” 747+33 signal I
2, 180F + candidates
= 160 Fit prob: 71% 150 |-
o F
© 140F
o
% 1205— 100
'c'éu 80k
(&)
60—
g t 1 "
40—
20
O:I 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I 1 1 1 1 I
5.20 5.25 5.30 5.35 5.450 %'g !
candidate mass, GeV/c
CDF Run Il Preliminary L =70 pb™
e o + + IS L
o 3 8]-0 E
o 10 ; ) -
o : DCT(SIg) % -
o f c1(Bkg,) I T
(%) B 2
Q 2 10 &
§ 10 .CT(BkgL) -
:'% - Fit prob: 13% -
© 10 10
1E 1 I
- 1 =
B | | E

0.0
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candidate c T, cm

| ‘ | | | | ‘ | | | | ‘ \.1'1 | l 1 | | | l | |

Ag+ =528 * 72 um (stat)

DO Run Il Preliminary

e D[ data
—— Total Fit

— B+ signal

----- Background

-0.05 0]

Masses, Lifetimes and Decays
of B Hadrons at the Tevatron

0.05

0.2 0.25

cm

0.1 0.15

Laurent Vacavant

Lawrence Berkeley National Laboratory



Di-muon: B exclusive lifetime

= BT — J/4 K" and BY — J/¢K*": control sample for systematics.
= Measurements: 7(By), 7(BY)/7(B™), 7(B,)/T(Bg), (+ Bs phase)

CDF Run Il Preliminary L=70pb"
BE B, - Yo 55+9 signal
' candidates

candidates per 10 MeV/c 2

Fit prob: 70%

53

CDF results

' 5.4 — 5.5
candidate mass, GeV/c 2

[
o

candidates per 50 um

=
o
N

CDF Run Il Preliminary L=70pb"
[ B, - Jyo e data
Dcr(Sig)
ct(Bkg)

Fit prob: 97%

IR

-0.1 0.0 0.1 0.2 0.3

candidate c T, cm

T+ = 1.57+0.07 (stat.) + 0.02 (syst.) ps B

Tgo = 1.42 +0.09 (stat.) & 0.02 (syst.) ps 7T-B+//T7'Bo = (1).5133 i 8.(1)2

., = 1.26 +0.20 (stat.) +0.02 (syst.) ps B./TB; — V. :
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Di-muon: opposite-side tagging

Next step: tagging of the B flavor at production

Opposite-side tagging: DO Run-Il Preliminary
[1 semileptonic decay of other B: Soft Muon Tagging
b—clv | [0 highest pr muon
[ jet charge: > Qipr [0 AR(reconstructed B) > 2
L kaon tagging O pr > 1.9 GeV/c
Figures of merit: ¢ = 82 £22%
D = 639 +£30.1%
2 __
€ — Ncorrect + Nwrong eD - 33 :|:18%
Ncorrect + Nwrong + Nnotag Jet Charge Tagglng
[1 tracks away from the B
Ncorrect _ Nwron
D = 7 [] > (.2
Ncorrect + Nwrong |Q|
[ tag always right: D =1 e = 551 +4.1%
1 tag right 50% of the time: D = 0 D = 21.0 £10.6%
eD? = 24 £1.7%
Effective tagging efficiency: eD?
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Lepton + displaced track: semi-leptonic decays

CDF Run Il Preliminary

Luminosity 60pb ™

51600
%1400 +
O flavor tagged =B > 1 DX
) H1200f
[1 high B contents S oo
= +
.. T - N(D)=5344 +111
[l large statistics s00
Measurements: 500
[] lifetime measurements 400"
[ test of HQET+OPE (hadronic 200
mass moments) 'l s 1o 50
m(K 17) [GeV/c ]
CDF Run Il Preliminary Luminosity 60pb ™ CDF Run Il Preliminary Luminosity 60pb ™
~ r o~ 240F
o f ; < oof |
> N = 220f ﬁ
%2500 % 200F
o) AN 180 + *_
%2000 % 160F B - | D X
T § 140f N(D %)=1470 + 55
1500 L 120
100F
1000 80
60|
500 40
B - --;_.I 20| Ry o ‘ 4
7 1 18 1 15 2.0 ATE=50 — 0145 0150 0155 ~ 0160

m(K 1) [GeV/c?]

M(K 1o1)-M(K 11) [GeV/c ]
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CDF Il Preliminary 60 pb ™
> 20, A
Measurement: = 2000 Ao pKm |
9] C
[I Ay lifetime S 160
. . S C
[1 Ay branching ratios [ 140
[ test of HQET (/ B) 1200
100
80
=
Proton ID: sof- Yield:441+33 PID on p
. 40; |
(0 dE/dx (drift chamber) Zo%mumhﬁ;ﬂﬂu /  \agol ol AT
D TOF OE\ | L | ‘ L | L | ‘ | L | | ‘ | | L | ‘ | | | | ‘ L | | |
2.15 2.20 2.25 2.30 2.35 2.40
e 100 pS © 140 cm pKTttMass (GeV)
CDF Time-of-Flight : Tevatron store 860 - 12/23/2001
iy R CDF Runll Preliminary
2 14 « 3500 -
3 2 FD - D%t separation=1.16 o
N:TZ 5 3000 D° . KTt
\7'% ’ g F (Pt > 2 GeV/c)
2 2 25001
o8 = 2000;
e 1500;
1000;
500;
-z -1.5 -7 0.5 o 0.5 1 E A e 1
Momentum (GeV/c) Og 10 15 >0 T

March 2003
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Lepton + displaced track: inclusive B,

B, — DJvX — [¢n]lvX — [[KTK ™ |r|lvX

380 £ 22 CDF Runll Preliminary 60 pb *
\ 2 250
S, [ B, - IvDsX
— + .
0 high statistics = De - oo BE
nel 2200 Np, : 385 + 22
O lifetime 7(By)/7(Byg) g i N, : 112 + 19
L1 mixing: S i
©
e good S/N s 150
. : O
e partial reconstruction = i
» = limited time resolution 5 1ol 1
e — for moderate z, £ i
Z L
e = back-up sample [
50 +
4
i 4
O | | | | | | | |
1.8 1.9 2.0 2.1 2.2
Mass(K+K'n)[Ge\/]
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‘Two—track trigger: B, I

B, —» DW=xt B, — D®~=3r, B, — DD

[1 golden sample for B; mixing: resolve fast oscill.
[J already some channels fully reconstructed: 40 + 10 Dy, 65 £ 20 D}

B, — D, — [¢r]n — [[KTK ||«

MC:B — X — D, X — [¢p7]X

65+ 4pb™ February 26th 2003 CDF Run 2 PRELIMINARY Monte Carlo Data February 26th 2003 CDF Run 2
~ ~ 0
% iy D; Yield: 65+ 20 events D, Yield: 40 + 10 events g - Ds U.ncorr. Mean: 5138 + 8 MeV Ds Uhcorr. Mean: 5367 + 2 MeV
S i Uncorr. Mean: 5160 + 20 MeV Uncorr. Mean: 5360 + 5 MeV S pp M 66+ 10 Mev Sigma 16+ 1 Mev
g 40117 Sigma: 67 + 21 MeV Sigma: 20 £ 4 MeV g C \
o i o 7w
@, 35 (*) @, -
8 BN Bs- Dy'm 8 60_
E.) 30 Dg- ¢ é B- X
o 255_ 0 - KK O gl XcontainsDg— ¢ 1 |,
zof— 1 o -H‘
C _ LY C
15:_ 30:—
103— + _l_ + -]- .} 20—
53— DS D{. b + h lO:—
0; | 1 1 1 | 1 1 1 | 1 1 I| | 1 1 1 | | + 1 1 i{‘ I+ 1 1 | O:I | 1 1 1 | 1 1 | 1 1 1 | 1 1 1 | ’-}‘I | 1 |
4.6 4.8 ) 5.2 5.4 5.6 5.8 4.6 4.8 ) 5.2 5.4 5.6
Candidate Mass (GeV) Candidate Mass (GeV)
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‘Two-track trigger: B, I

B - D nt - [Ktr a7 |nt

65+ 4pb™ February 26th 2003 CDF Run 2 PRELIMINARY

180
B~ D 1
D_K'mm

+‘H and c.c
I |

160

jpe—ra—

[J control sample for 0

B, — Dot
[ B — D gives the normaliza- 0
tion for B, branching ratio

e Same trigger
e Same reconstruction 0

120

events (10 MeV/bin)

80

Yield: 413+ 40 events
Uncorr. Mean: 5.271 + 0.002 GeV
- Sigma: 20+ 2 MeV

40

|III|III|III|III|III|II'—0—'—ﬂ—0—FIII|III

20

[an)

5 51 52 53 54 55 56
Candidate Mass (GeV)
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‘Two-track trigger: A, I

A) = Afn™ = [pt K nt]r

[1 Lifetime and branching ratios

[1 No PID
| CDF Run 2 PRELIMINARY 65pb* | | CDF Run2 PRELIMINARY 65pb * |
q>)50_ /\ /\+ .,_[.— 5 [T T T ‘ T T T ‘ ‘ T ‘ T T
i - ] 0120 N
g B b /\(; N p"' K T[+ 8 - /\C p KTt
s S [
2401 3100/
(] = L
(0 SO
= 0
801
30 i + + % +
4 iy

20

!

40 #ﬂ%
10 Normalized B reflection based on MC study 20 ;
RN B R Lﬁ_i_t_ B L NI R R A I R R
g.2 53 54 55 . 5.6 57 5.8 £15 2.2 2.25 2.3 2.35 2.4
(p K'1t'1r) Mass (Gev) Candidate Mass (Gev)
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‘Two-track trigger: B — h™h™ I

L =65+4pb "
TSRS LA B LA ILLEL B B UL IR R
3o CDF Run 2 Preliminar
() \
BY — Ktrn~,ntn™ > 100 ﬂ b
M
0 350 * B—h'h™ 7
_ % - 301£27 signal events -
Bg _ K+K_,K+7T_ v 300 # N
i _ * Mean 5.24140.004 GeV/c’ ]
: 250 Width 0.04140.004 GeV,/c*
0 B — 77~ : sin2(8 + ) _ + | e/c_
[1 however: penguin pollution 200 - H+ i
[1 measuring both B; and B, +
[ very good signal/noise 150 +++++ ]
[l rates understood 0o | ++ ]
[1 on-going: disentangle chan- _ ¢ ‘ -
nels (kinematics + dFE/dx) 50 | ", -
0 direct ¢P in By — Kn? X
v by o by by o by oy by by s by s s by
0 42 44 46 438 5 52 54 56 538 6
nm Mass (GeV/c?)
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‘ Conclusion I

Detectors understanding and calibration well advanced

Build-up confidence with exclusive BT, B?, . ..
First almost competitive analyses: B mass, lifetime
Signals seen in many channels for flagship analyses, need more statistics

Displaced track trigger at CDF:
[1 a great success !
very promising for hadronic decays
many more uses (I +SVT,...)
access to Amg via B; — Dg(3)m
ATl'g via B — DsDg (+ Bs — J/y¢)

N O O N

A lot of exciting physics !
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